Introduction
Long-term oxygen therapy (LTOT) has been widely practised in Italy as well as in other western countries for many years, on the grounds of its proven demonstrations of efficacy acknowledged by the scientific community. 1, 2 Recently its value has been confirmed in the joint statement of leading international Scientific Societies of Respiratory Medicine. 3 LTOT is effective on survival if the supplements of oxygen useful to maintain the arterial oxygen tension (PaO 2 ) above 8 kPa are administered for at least 15 h/day. 1,2 LTOT is very compelling for patients. Since its first demonstration of efficacy, the adherence to the prescribed oxygen therapy resulted a problem for patients on LTOT. 1 The largest information on the adherence to LTOT comes from countries, [4] [5] [6] [7] where most patients were using gaseous oxygen and concentrators. As many patients on domiciliary LTOT go outside the house, the use of liquid oxygen, ideally suited for the easy filling of portable systems at home, could possibly improve compliance to the prescribed treatment. 8, 9 Effectively, some studies have shown that selected patients use liquid oxygen longer than gaseous oxygen. 9, 10 However, due to its extensive cost, the generalised diffusion of liquid oxygen remains uncommon, although increasing, in most western countries.
The peculiarity of the Italian situation is that almost everywhere exclusively liquid oxygen is used, while gaseous oxygen is reserved only for the terminally ill or in temporary situations as dyspnea relief in acute bronchitis riexacerbations. Concentrators are rarely used, mainly because the regulations until very recently made such a prescription very complicated under the National Health Service.
The primary aim of this survey was the evaluation of the behaviour and the knowledge about oxygen therapy in a large group of patients on LTOT, mainly using liquid oxygen. Other aims were to evaluate how well the information supplied by prescribing physicians as regards times and modality of oxygen use corresponds to what patients say they have been told. How well LTOT prescriptions correspond to international criteria. How well founded the impressions of many pulmonologists are on the need to give patients on LTOT more ample and detailed explanations in order to improve their understanding and compliance to treatment.
Material and methods
This survey was an open, multicentre, observational study promoted by the Italian Association of Hospital Pulmonologists (AIPO) Educational Group. Twenty chest clinics throughout Italy (listed below) took part in the study, carried out between April 2002 and March 2003. A questionnaire was consecutively administered to all outpatients, reporting to one of the clinics, who had been on domiciliary LTOT for at least 6 months. The participating centres were distributed throughout the whole national territory and included both urban and rural areas; hence they can be considered as representative of the Italian national context. In order to standardise the design of the survey, periodic meetings were held with and phone contacts made to all participants before and during the study period. The questionnaire (see reproduction) was printed, computer-scannable and preliminarily prepared by the AIPO Educational Group members. The questionnaire consisted of 26 and 33 closed-type questions, written on the back and front of a single sheet of paper, to be completed, respectively, by the physician and patient. The responses of the patient were blinded to the physician and vice versa. Its comprehensibility and reliability had also been tested during a preliminary phase by a group of patients that were not enrolled in the present study. Informed consent was obtained from the patients at the moment of collecting the data (Appendix).
Unless stated otherwise, results are presented as absolute numbers, or in percentage, or as mean7SD. Univariate statistical analysis of categorical variables was performed using w 2 test, and logistic regression was used when appropriate to adjust for relevant confounders. Analysis of continuous variables was performed using Student's t test or ANOVA as appropriate. Comparison between patient-and doctorreported use of oxygen was performed using the non-parametric rank sum test, while the agreement between the two sources was evaluated using Cohen's k coefficient. All P values were calculated by two-tailed distribution, and values equal or lower than 0.05 for a two-tailed distribution were considered statistically significant. All the analyses were performed using the statistical package Stata 8 on a PC-compatible personal computer (Stata corp, College Station, TX).
Results
We collected 1504 questionnaires (mean number of questionnaires per centre, 75). No patient on LTOT who satisfied the inclusion criteria did refuse to participate in the study. Ninety-hundred and nine (60%) questionnaires were filled in by males, 596 (40%) by females; mean (7SD) age of participants was 71.6 (710 SD) years. One thousand three hundred and forty-one patients (93% of respondents) used liquid oxygen, 82 (6%) a concentrator and 21 (1%) gaseous oxygen. Patients characteristics are shown in Table 1 . Ninety per cent of patients were already registered at the Centre in which they were recruited; 10% were first time patients at the recruiting centre; this subset had therefore received their LTOT prescription elsewhere. The physician who first prescribed LTOT was a respiratory specialist in 94% of cases. The first prescription of LTOT was made less than 1 year preceding the survey in 18% of cases, between 1 and 2 years in 21%, between 2 and 5 years in 38%, more than 5 years in 23%. The educational level of patients who responded to the question (data missing in 9% of questionnaires) was: no formal education in 8.7%, primary education in 60.2%, lower middle school in 17.3%, secondary education in 10.5%, and university education in 3.3%. All patients (except nine subjects) were retired. Concerning the smoking habits (Table 1), 6.5% of patients responded that they still smoked despite the disease and oxygen therapy. The highest percentage of current smokers was in the COPD group.
As Table 2 shows, 206 patients on LTOT also used a ventilator, of which 17% a volumetric device, 58% Bi-level, 18% CPAP, 7% not specified. Patients declared that they used the ventilator everyday in 99% of cases: 11% said they used the ventilator for less than 5 h/day, 56% for 6-9 h/day, 33% for more than 9 h. Ã The total number of patients according to the respiratory diagnosis is greater than the total number of enrolled patients because it was possible for the doctor to fill in more than 1 answer (for example, COPD and bronchiectasis).
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Concerning the prescribed length of oxygen therapy reported by the physician (Tables 3 and  4) , the indication was to practice less than 15 h/day in a significant percentage of cases, independently of the respiratory diagnosis. The indication to modify the oxygen flow in the different situations of everyday life was reported by the physician in 45% of cases. A detailed list of the oxygen flows prescribed by the physician in the various situations of everyday life is reported in Table 5 . The most common indication was to increase the oxygen flow during exercise (84% of total). At the last follow-up visit, 24.9% of 1309 patients showed the PaO 2 greater than 8 kPa at rest whilst breathing air and 40.4% of 1288 patients had the oxyhemoglobin saturation greater than 89%. The original prescribed flow of oxygen had in the course of time been modified in 52% of patients. The prescription had been modified on the basis of the arterial blood gases analysis (BGA) in 94% of cases; in 56% only the BGA had been carried out; in 38% BGA and pulse oxymetry had been performed. In eight cases (out of a total of 745 responses) the prescription had been modified solely on the basis of the clinical examination.
Twenty-one per cent of patients reported to practice oxygen therapy for less than 15 h/day. Evaluating the variables related to the group of patients that claimed to practice a daily length of oxygen therapy o15 h, when they had a greater length of oxygen prescription by the physician, we did not find any impact of age, gender, duration of LTOT introduction, respiratory diagnosis and degree of instruction. On the contrary, the PaO 2 greater than 8 kPa at the last follow-up visit was associated to less compliance (12% vs. 16%; Po0:05), as well as a greater flow of oxygen at rest (w 2 test for trend Po0:001). Patients reported using oxygen for less hours than had been prescribed by the physician both at rest during the day (P ¼ 0:02, k ¼ 0:80) and the night (P ¼ 0:0036, k ¼ 0:77), as well as during exercise (P ¼ 0:002, k ¼ 0:72). Particularly, we found a good relationship between the flow of oxygen prescribed at rest during the day by the physician and that known and reported by the patient (NS, sign rank and 0.83 at the Cohen test), as well as the flow prescribed in the night during sleep by the physician and that known and reported Ã The total number of patients according to the respiratory diagnosis is greater than the total number of ventilated patients because it was possible for the doctor to fill in more than 1 answer. by the patient (NS, with k ¼ 0:82). On the contrary, we found a marked discrepancy between the flow prescribed by the physician during exercise and that known and reported by the patient (Po0:00003 with k ¼ 0:78). Patients reported using the flow that they knew had been prescribed by the physician both at rest during the day (NS; P ¼ 0:1) and during exercise (NS; P ¼ 0:1), but at a lower level (P ¼ 0:008) in the night. Of the 1232 patients (84%) possessing a rechargeable portable device, only 992 responded to the questions on its use: 47% reported recharging it daily, 17% twice weekly, 10% seldom, 26% only when they go outside for many hours. However, only 41% reported using the stroller always when outside the house. As Table 6 shows, a large number of patients either did not respond to this question or said that they were ashamed of being seen by passers-by with the portable device. Ninety-six per cent of patients had made scheduled periodical control in the referring centre; of these, 24% reported monthly visits, 65% at intervals from 2 to 4 months. However, 66% of patients had made at least one unscheduled visit for respiratory problems and 9% had made up to five in the course of the last year.
As Table 7 shows, only 2% of patients claimed they had not received any information on the correct use of oxygen. The great majority of those who had received information (79% of cases) said they had received it from a respiratory specialist.
Only 12% of patients reported that they did not perceive a subjective improvement with oxygen use; most patients reported that they perceived a subjective improvement immediately after commencing use (Table 8) . Those who did not notice any improvement after oxygen use tended to use oxygen less time than prescribed (65720SD min. less than prescribed), but the difference was not significant (Po0:065) compared to those who found an improvement (and who did 2976 min SD less than prescribed). The perception of an improvement probably constituted a stimulus to correct use. On The total percentage is more than 100% because more than 1 answer was allowed. patients' response to the question concerning their knowledge about the rationale for oxygen therapy, the correct response was the most frequent one: ''they gave me oxygen because I have little in the blood'' (51%); nevertheless it remains of concern that 48.5% did not give this answer; of these, 38.5% said instead generically that ''it was on account of dyspnea''.

Discussion
In Italy there are approximately 50,000 patients on domiciliary LTOT, but, except for a few regions, precise numerical data are lacking. The National Health Service fully covers expenses of LTOT. LTOT prescription, in terms of the norms governing its use (e.g. professional competence for prescription required, modalities), is quite homogeneous in all regions of Italy. A pulmonary specialist of the National Health Service usually effectuates LTOT prescription; anaesthetists or paediatricians seldom prescribe LTOT, but only in exceptional cases can other specialists do so. Our study confirms this view: respiratory specialists catered for 94% of LTOT prescriptions. Another peculiarity, confirmed by our survey, is the widescale use of liquid oxygen, even for elderly patients.
The questions on LTOT prescribed by the physician highlight some problems. We observed that a significant proportion of patients received the LTOT prescription for respiratory failure not derived from COPD. However, even if the benefits of LTOT in terms of survival have been documented only for COPD patients, it is common practice to use LTOT for chronic respiratory failure from any cause. A significant number of our patients (15%) received the prescription for oxygen use of less than 15 h/ day. Another consistent group (25%) had the basal PaO 2 higher than 8 kPa at the last follow-up visit. These data are cause of concern because they do not correspond to evidence-based recommendations for good clinical practice. 1 Moreover, various studies have documented similar situations. In France 11 and in Denmark, 12 respectively, 18% and 11% of patients on LTOT had the PaO 2 greater than 8 kPa at rest whilst breathing air. The greater percentage in our survey may be due to the slightly different inclusion criteria for LTOT prescription between these countries. 13 In another study carried out in the UK, 14 46% of patients with LTOT had values greater than 90% with pulse oxymetry. In France 9 and in the Netherlands, 6 respectively, 24% and 35% of COPD patients on LTOT had a prescription for oxygen use less than 15 h/day. To keep patients well oxygenated, patients frequently need extra oxygen during sleep and exercise. [15] [16] [17] [18] [19] [20] Some chest physicians recommend an increase of resting oxygen flow by 1 l/min for sleep and exercise, whereas others individualise flow rates with or without specific testing of each patient. 21 As liquid oxygen is suitable to assure good mobility and most patients in our survey were using liquid oxygen, we were not surprising that most physicians increased the oxygen flow on exercise. On the contrary, when during the sleep a variation of the oxygen flow was suggested, we often observed a reduction rather than an increase.
On the part of patients we found a fair, though not optimal, compliance to the physician's prescription. We, as others, 5, 6, 9, 22 found an association between good compliance to the prescribed oxygen therapy and severity of resting hypoxemia. However, in our study the compliance to oxygen therapy was based on self-reported data. It is known that patients tend to overestimate their oxygen usage. 12, 22, 23 In a Danish study, 13% of patients reported to use oxygen less than 15 h/day, but an objective evaluation showed that the effective percentage was approximately of 35% of the total. 12 To our knowledge, no survey has evaluated on how patients follow medical prescriptions on oxygen flow in different situations. We found that the indications supplied by the physician on oxygen use concord reasonably well with what the patient remembers except for physical exercise. Likewise, patients knew what the physician had prescribed, but in a significant proportion of cases did not comply with this in reality. This was true mainly for the oxygen flow in the night.
Portable oxygen therapy has been shown to relieve breathlessness and increase exercise tolerance in selected patients. [24] [25] [26] Our data confirm that portable liquid oxygen is useful in hypoxaemic patients to decrease breathlessness. A significant number of our patients reported to use oxygen for treating breathlessness. Kampelmacher et al. 6 reported a similar percentage of patients claiming that LTOT had been prescribed for reducing breathlessness. Likewise, to the question whether they were using a mobile system supplying oxygen outdoors, a large number of our patients either did not respond or reported that they did not use it, often because they were ashamed of being seen by passers-by with the stroller. Other authors, 6 mainly using gas cylinders as mobile source, reported shame as a common cause, which limited the use of oxygen outdoors. In a very different reality with most patients using gaseous oxygen or concentrators, but, on the other hand, similarly to us, a low
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use of mobile sources of oxygen when going outside the house has been reported, 5, 9, 12, 27 particularly if they had not received specific instructions in regard. 5 In another multicentre study including 159 COPD patients, only 60% of patients in the group with portable sources used their mobile system outdoors without any difference between gaseous and liquid oxygen. 8 Thus our survey confirms the use of liquid oxygen does not automatically assure a good adherence to the prescribed treatment or the use of supplemental oxygen outdoors. Probably whatever the type of used oxygen source there is need to provide repeated educational sessions to patients on LTOT to extend hours of oxygen therapy outside the house and obtain a good compliance. In fact, although our patients felt that they had received in-depth and exhaustive information concerning oxygen therapy, their behaviour did not always reflect what they have learnt.
We conclude that in Italy most patients on LTOT used liquid oxygen. Patients felt they had improved as a result of LTOT and were satisfied with the degree of information concerning oxygen therapy. Adherence to prescription was acceptable with a tendency to undertreatment in terms of length of daily oxygen therapy and, intentionally, of flow rate when breathing oxygen during sleep and, non-intentionally, on exercise. The use of liquid oxygen did not automatically increase the adherence to the prescribed treatment and the hours of oxygen therapy outside the house. On the physicians' side, we found that the appropriateness of the prescriptions was good, but the criteria utilised did not always correspond to evidence-based recommendations.
Good LTOT practice requires a lot of work both by means of self-assessment on the part of physicians of their own mode of operating (periodic audits under the guidance of an expert pulmonologist?) and through a program of in-depth education of the patient, patient's relatives and also of the general population, which must learn to accept as natural the presence of people using portable devices.
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